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Abstract
We construct the Dirac-Born-Infeld action in the context of N = 1 conformal supergravity and its possible
extensions including matter couplings. We especially focus on the Volkov-Akulov constraint, which is important
to avoid ghost modes from the higher derivative terms. In the case with matter couplings, we find the modified
D-term potential.
1 Introduction
The Dirac-Born-Infeld (DBI) action [1, 2] was con-
structed as a generalization of the Maxwell action in-
cluding higher derivative correction, in a way that no
ghost modes appear. The DBI action is also consid-
ered as the action which describes the dynamics of D-
branes in superstring theory [3, 4, 5]. From a phe-
nomenological and theoretical viewpoint, it is interest-
ing to construct the supersymmetric (SUSY) version
of the DBI action. Such a generalization has been
studied in global SUSY [6, 7, 8, 9] and in supergrav-
ity (SUGRA) [6, 10, 11, 12].1 Recently, the DBI action
in N -extended SUSY in various dimensions were devel-
oped in Refs. [14, 15].
The DBI action has a scale which will be related
to a fundamental scale, such as the Planck scale or the
string scale. If that scale is close to the Planck scale, we
cannot neglect the gravitational effects and have to em-
bed it into SUGRA. There are several works along this
direction. The authors of Ref. [6] suggest a way to the
SUGRA extensions of the DBI action. In Ref. [10], the
action in Ref. [7] is extended to SUGRA, and its com-
ponent action is also studied by the same authors [11].
However, the matter coupled DBI action in SUGRA
has been less studied. For example, in Ref. [11], it is
discussed for a special case. We will clarify how matter
multiplets can couple to the DBI sector in more general
cases.
In this work, we will work in the superconformal
formulation of 4-dimensional N = 1 SUGRA [16, 17],
which has the larger symmetry than the Poincare´
SUSY. This formulation is useful thanks to the larger
symmetry, especially to construct the matter coupled
SUGRA. In N = 1 global SUSY, the authors of Ref. [7]
found that the SUSY DBI action can be constructed
from two chiral multiplets related to each other by a
certain condition. We propose the corresponding con-
dition in conformal SUGRA, and use it as a guiding
principle to construct the matter coupled DBI action.
We will also emphasize that the condition implies the
Volkov-Akulov constraint [18, 19], which is important
to avoid ghost modes from higher derivative terms.
The remaining parts of this paper are organized as
follows. In Sec. 2, we briefly review the construction
of the DBI action in global SUSY case, and show how
the Volkov-Akulov constraint works. Sec. 3 is devoted
to embed the DBI action into conformal SUGRA. We
first generalize the condition in global SUSY to the one
in conformal SUGRA, and construct the DBI action
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1See Refs. [5, 13] for reviews.
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minimally coupled to gravity. In Sec. 4, we discuss the
matter coupled version of the DBI action and find the
modified D-term potential including all the higher order
corrections, which has not been known so far. We will
give comments on the relation between our results and
the action derived in Refs. [6, 10, 11] in Sec. 5. We also
discuss the relation between our model and the DBI ac-
tion in superstring theory. Finally, we give a summary
and discuss the possible extensions in Sec. 6.
2 Dirac-Born-Infeld action in
global supersymmetry
We briefly review the construction of SUSY DBI action
proposed by J. Bagger and A. Galperin [7]. Let us con-
sider two N = 1 chiral superfields X and Wα, where α
denotes the spinor index,Wα = − 14 D¯2DαV and V is an
abelian gauge vector superfield in N = 1 SUSY and Dα
and D¯α˙ are an N = 1 SUSY covariant derivative and
its complex conjugate respectively. To construct the
SUSY DBI action, we impose the following condition2
on X and Wα,
X =WαWα + 1
4
XD¯2X¯, (1)
where X¯ is the complex conjugate of X . One can solve
Eq. (1) algebraically, and obtain
X =W2 + 1
2
D¯2
[
W2W¯2
1− 1
2
+
√
1−A+B2/4
]
, (2)
where
A ≡ 1
2
(D2W2 + D¯2W¯2), (3)
B ≡ 1
2
(D2W2 − D¯2W¯2). (4)
By using X = X(W , W¯), we can describe the super-
symmetric DBI action as,
LDBI = 1
4
∫
d2θX(W , W¯) + h.c.. (5)
The bosonic part of the action (5) is
LDBI |B = 1−
(
1 +
1
2
FabFab + 1
8
(FabFab)2
− 1
4
FabFbcFcdFda
)1/2
= 1−
√
−det(ηab + Fab), (6)
where ·|B denotes the bosonic part of ·, and ηab is the
Minkowski metric.
From Eq. (2), we find that X2(W , W¯) = 0 because
X(W , W¯) is proportional to W2 and Grassmannian
property of Wα. This feature shows the underlying
Volkov-Akulov supersymmetry, that is, the non-linearly
realized SUSY.
We can also express the action (5) with Lagrange
multiplier multiplets as follows,
L =
∫
d2θ
[
X + Λ(W2 + 1
4
XD¯2X¯ −X) +MX2
]
+ h.c.,
(7)
where Λ and M are Lagrange multiplier chiral multi-
plets. Note that X in Eq. (7) is an unconstrained chiral
multiplet. The equations of motion of Λ and M give
the constraint (1) and X2 = 0 respectively. The latter
condition X2 = 0 becomes trivial after solving the con-
straint (1), therefore the termMX2 in Eq. (7) does not
change the resultant action after solving the first con-
dition (1) and we obtain the action (5). However, the
last term in Eq. (7) is useful to represent the underlying
Volkov-Akulov constraint on X .
Before embedding the DBI action into conformal
SUGRA, we mention why the Volkov-Akulov con-
straint is important. By using the superspace iden-
tity −1/4 ∫ d2θD¯2(· · · ) = ∫ d4θ(· · · ) + tot.div, we can
rewrite the action in Eq. (7) as
L =−
∫
d4θ(Λ + Λ¯)|X |2
+
(∫
d2θ
[
X + Λ(W2 −X) +MX2]+ h.c.) .
(8)
The first term in Eq. (8) corresponds to the Ka¨hler po-
tential K = −(Λ+ Λ¯)|X |2, which gives kinetic terms of
the scalar components of Λ and X . The kinetic coef-
ficients are given by the Ka¨hler metric KIJ¯ = ∂I∂J¯K,
2In Ref. [7], the authors derived the condition (1) from the non-linear realization of 4D N = 2 SUSY. However we just use the
condition as a guideline to construct the DBI action in this work . We will briefly comment on the relation between our construction
and partial SUSY breaking in Sec. 6.
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and in this case, the determinant of the Ka¨hler metric
becomes −|Xˆ|2 where Xˆ is the scalar component of X .
This negative definite determinant means that there is
at least one ghost mode among the scalar components
of Λ and X . However, due to the Volkov-Akulov con-
straint X2 = 0, Xˆ is equivalent to a fermion bilinear
∼ ψXψX/FX . Therefore, the bosonic part of the de-
terminant vanishes, and then the scalar ghost mode dis-
appears. Therefore, the underlying Volkov-Akulov con-
straint X2 = 0 is important for avoiding ghost modes.
Indeed, the DBI action does not contain any bosonic
ghosts, and so we consider the generalization of the
DBI action in which the Volkov-Akulov constraint is
satisfied.
It is worth noting that the Volkov-Akulov type su-
persymmetry always appear in DBI type action as dis-
cussed, e.g., in Refs.[4, 14, 20]. It is also found that
such a nonlinear SUSY can play important roles in cos-
mology, particle phenomenology and moduli stabiliza-
tion in superstring theory [21, 22, 23, 24, 25]. The DBI
type action of anti D3 brane, which can realize de Sit-
ter vacua in superstring theory, was also discussed in
Refs. [26, 27].
3 Dirac-Born-Infeld action in 4D
N = 1 conformal supergravity
In this section, we generalize the SUSY DBI action
discussed in Sec. 2 to the one in N = 1 conformal
SUGRA.3 The generalization is useful for construction
of the matter coupled DBI action, which will be dis-
cussed in Sec. 4.
In conformal SUGRA, supermultiplets are charac-
terized by the weights (w, n) for the dilatation and
the U(1)A symmetry
4 called the Weyl and the chi-
ral weights respectively. For example, gauge vector
multiplets should have (w, n) = (0, 0). For chiral
multiplets, their weights should satisfy the condition
w = n, but the value of w(= n) can be arbitrary. The
weights of field strength superfields are determined as
(w, n) = (3/2, 3/2).
Let us generalize the condition (1) to the one in con-
formal SUGRA. We assume that the weights of X and
X¯ are (w,w) and (w,−w) respectively. The first term
on the right hand side of Eq. (1) has (w, n) = (3, 3). All
of the terms in Eq. (1) are chiral multiplets, and there-
fore the term XD¯2X¯ should be replaced with XΣ(X¯),
where Σ is the chiral projection operator in conformal
SUGRA. However, the chiral projection can be applied
to the multiplets satisfying w − n = 2, then the Weyl
weight of X is determined as w = 1. Therefore, the
term XΣ(X¯) has the weights (w, n) = (3, 3) which is
the same with those of W2, because the chiral projec-
tion operator has the weights (w, n) = (1, 3). On the
other hand, the term on the left hand side of Eq. (1)
has (w, n) = (1, 1), which conflicts with the ones of
the right hand side. This implies that we have to im-
pose the so-called chiral compensator multiplet S0 with
(w, n) = (1, 1).5 By introducing S0, we can write the
naive extension of Eq. (1) as follows,
S20X =W2 − aXΣ(X¯), (9)
where a is a complex constant, but it can be real by field
redefinitions without loss of generality, so that we take
it as a real parameter. For simplicity of the following
discussions, we replace X with S0X , then the weights
of X are (w, n) = (0, 0) and we can rewrite Eq. (9) as
S30X =W2 − aS0XΣ(S¯0X¯). (10)
Formally Eq. (10) can be rewritten as
X =
W2
S0(S20 + aΣ(S¯0X¯))
. (11)
As in the global SUSY case, X is proportional to W2,
and that implies X2 = 0 even in conformal SUGRA.
Therefore, the following action can be considered as
the conformal SUGRA generalization of SUSY DBI ac-
tion (7),
S =[bS30X ]F + [2Λ(W2 − aS0XΣ(S¯0X¯)− S30X)]F
+ [S30MX
2]F + [−c|S0|2]D, (12)
where [· · · ]F,D denotes the F- and D-term density for-
mulae for chiral multiplets with (w, n) = (3, 3) and for
real multiplets with (w, n) = (2, 0) respectively, b, c are
real constants, and we have chosen the weights of Λ
and M as (w, n) = (0, 0). We multiplied the second
term in Eq. (12) by 2 to simplify the following anal-
ysis. We added the last term in order to obtain the
Einstein-Hilbert term.
We use the action (12) instead of directly solving
(10). In the following discussion, we only focus on the
bosonic part of the action (12). First, we use the equa-
tion of motion of M , which leads X2 = 0. Then, the
3In the following discussions, we use the notation in Ref. [17], but the F-term density formula [· · · ]F in this paper should be
understood as [· · · ]F + h.c. in Ref. [17].
4U(1)A is an automorphism of the 4 dimensional N = 1 superconformal algebra.
5We can also use other compensator multiplets, such as a real and a complex linear compensators. The expressions of Eq. (10) with
different compensators are summarized in Appendix. A.
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scalar component Xˆ can be written by its fermionic
partner ψX and F-term FX as Xˆ ∼ (ψXψX)/FX as
in the case of global SUSY. This feature incredibly re-
duces the bosonic part of Eq.(12) because we can ignore
the terms containing Xˆ.
We apply the following theorem shown in Ref. [28],
[−2ΛS0XΣ(S¯0X¯)]F = [|S0|2(Λ + Λ¯)|X |2]D + tot.div,
and obtain the bosonic part of the action (12) as
S|B =
∫
d4x
√−g
[
2a|S0|2(Λ + Λ¯)|FX |2
+ {S30(b− 2Λ)FX + h.c.}+ 2(ReΛ)FµνFµν
− 2i(ImΛ)FµνF˜µν − 4(ReΛ)D2
+
c
3
|S0|2R − c(|FS0 |2 −DµS0DµS¯0)
]
, (13)
where we represent the scalar component of each super-
multiplet by the same letter as the supermultiplet itself,
D is the D-term of the vector multiplet, µ, ν denote
the curved spacetime indices, and F˜µν ≡ − i
2
ǫµνρσFρσ,
DµS0 = (∂µ − bµ − Aµ)S0, bµ and Aµ are the gauge
fields for dilatation and U(1)A symmetry respectively,
FS0 denotes the F-term of S0. Note that c should be
positive to obtain the correct kinetic term of the gravi-
ton.
To obtain the action in Einstein frame, we set the
following superconformal gauge fixing conditions [17,
29],
S0|B = S¯0|B =
√
3
2c
, bµ = 0, (14)
where the first condition is for the dilatation and U(1)A
symmetry and the second one for the special confor-
mal symmetry, and we use the Planck unit convention
Mpl(= 2.4 × 1018GeV) = 1. For simplicity, we assume
c = 3/2 in the following, then S0 = S¯0 = 1.
After the superconformal gauge fixings, the ac-
tion (13) becomes
S|B =
∫
d4x
√−g
[
2a(Λ + Λ¯)|FX |2
+ {(b− 2Λ)FX + h.c.}+ 2(ReΛ)FµνFµν
− 2i(ImΛ)FµνF˜µν − 4(ReΛ)D2
+
1
2
R − 3
2
(|FS0 |2 −AµAµ)
]
. (15)
We can easily eliminate Aµ, F-, and D-terms from
Eq.(15), and obtain the following on-shell action,
S|on-shellB =
∫
d4x
√−g
[
1
2
R+ 2λFµνFµν
− 2iχFµνF˜µν + (b− 2λ)
2 + 4χ2
4aλ
]
, (16)
where λ ≡ ReΛ and χ ≡ ImΛ.
Finally, we obtain the following conditions from
variations of the auxiliary fields λ and χ,
χ
λ
= aiFµνF˜µν , (17)
b2
4λ2
= 1 + 2aFµνFµν + a2(FµνF˜µν)2. (18)
By substituting the conditions (17) and (18) to the ac-
tion (16), we derive the final form of the action,
S|on-shellB =
∫
d4x
√−g
[
1
2
R− b
a
+
b
a
√
1 + 2aFµνFµν + a2(FµνF˜µν)2
]
=
∫
d4x
√−g
[
1
2
R− b
a
]
+
b
a
∫
d4x
√
−det(gµν + 2
√
aFµν). (19)
Assuming a = 1/4 and b = −1/4, this action (19) is
the supergravity extension of the DBI action (6), which
contains not only the DBI term but also the kinetic
term of the graviton. We can also derive the fermi-
nonic part of the SUGRA DBI action in the same way.
6
4 Modification of supergravity
Dirac-Born-Infeld action
In this section, we discuss the possible modifications
of the SUGRA DBI action (19), which respects the
Volkov-Akulov constraint X2 = 0. In Sec. 3, we have
discussed the case in which there are only the gravity
and the vector multiplet. Here, let us consider a case
that there are matter chiral multiplets that couple to
the vector multiplet.
In Sec. 3, we have derived the condition (10) as a su-
perconformal version of Eq. (1). We can generalize the
6However, due to the Volkov-Akulov constraint Xˆ ∼ ψXψX/FX , the elimination of FX is expected to be very complicated, so the
derivation of the full-action requires further investigations.
4
condition (10) preserving the Volkov-Akulov constraint
X2 = 0 as
S30X =W2 − S0XΣ(ω(ΦI , Φ¯J¯)S¯0X¯), (20)
where ω(ΦI , Φ¯J¯) is an arbitrary real function of matter
multiplets ΦI and Φ¯J¯ . Instead of solving Eq. (20), let
us consider the following action,
S =
[
1
2
S0S¯0Ω(Φ
I , Φ¯J¯ )
]
D
+ [S30f(Φ
I)X ]F
+ [2Λ(W2 − S0XΣ(ω(ΦI , Φ¯J¯)S¯0X¯)− S30X)]F
+ [S30MX
2]F + [S
3
0W (Φ
I)]F (21)
where Ω(ΦI , Φ¯J¯) is a real function of matters, which
is related to the physical Ka¨hler potential K through
K = −3 log(−Ω/3), and f(ΦI) and W (ΦI) denote ar-
bitrary holomorphic functions of ΦI . Comparing the
action (12) and (21), we find that the generalizations
correspond to the following replacement of the param-
eters in Eq. (12),
a→ ω(ΦI , Φ¯J¯), b→ f(ΦI), c→ Ω(ΦI , Φ¯J¯). (22)
The bosonic part of Eq. (21) is obtained as follows.
S|B =
∫
d4x
√−g
[
−1
6
|S0|2ΩR+ 2ω|S0|2(Λ + Λ¯)|FX |2
+ {S30(f − 2Λ)FX + h.c.}+ 2(ReΛ)FµνFµν
− 2i(ImΛ)Fµν F˜µν − 4(ReΛ)D2
− i|S0|2ΩIkID + Lordinary
]
(23)
where ΩI = ∂Ω/∂Φ
I , kI is a Killing vector for U(1)
isometry on the manifold spanned by ΦI , and Lordinary
is the parts of matter action which takes an ordinary
form of the SUGRA action (see Eq. (26)). To obtain
the Einstein frame action, we put the following super-
conformal gauge fixing conditions [29],
S0 = S¯0 =
√
− 3
Ω
, bµ = 0. (24)
We also integrate out the auxiliary fields, such as F- and
D-terms, and then obtain the following on-shell action,
S|on-shellB =
∫
d4x
√−g
[
1
2
R+ 2λFµνFµν − 2iχFµνF˜µν
+
e2K/3|f − 2Λ|2
4ωλ
− (KIk
I)2
16λ
+ Lon-shellordinary
]
(25)
where we have used the relation Ω = −3e−K/3, KI =
∂IK, λ = ReΛ, and χ = ImΛ. Lon-shellordinary is obtained as
follows,
Lon-shellordinary = −KIJ¯DµΦIDµΦ¯J¯
− eK
(
KIJ¯DIWDJ¯W¯ − 3|W |2
)
, (26)
where DµΦI = ∂µΦI − vµkI , vµ is the gauge field for
the U(1) symmetry, and DIW = ∂IW +KIW .
Finally, we have to eliminate the Lagrange multipli-
ers λ and χ. We summarize the detailed calculations
for solving the equations of motion of λ and χ in Ap-
pendix. B. By using the results, we obtain the following
action,
S|on-shellB =
∫
d4x
√−g
[
1
2
R− e
2K
3 Ref
ω
+ Lon-shellordinary
]
+
∫
d4x
e
2K
3 Ref
√
P
ω
√
−det(gµν + 2e−K3
√
ωFµν)
−
∫
d4x
√−giImfFµνF˜µν , (27)
where
P ≡ 1− ωe
−2K/3(KIk
I)2
4(Ref)2
. (28)
The action (27) is the generalized DBI action including
matter couplings.
For simplicity, we assume kI = 0, then the ac-
tion (27) can be expanded with respect to ω as
S|on-shellB →
∫
d4x
√−g [−iImfFµνFµν +RefFµνFµν ]
+O(ω) + · · · , (29)
where ellipsis denotes terms irrelevant to the DBI ac-
tion. The first line of Eq. (29) represents an ordinary
vector action with a gauge kinetic function f(ΦI) in
N = 1 SUGRA. Thus, the choice of ω only affects the
higher order corrections.
Let us discuss the D-term potential in our case.
By setting Fµν = 0, the first and the second lines of
Eq. (27) lead to the potential,
VD =
e2K/3Ref
ω
(
1−
√
1− e
−2K/3ω(KIkI)2
4(Ref)2
)
.
(30)
We can expand VD in terms of ω, and obtain
VD =
1
8(Ref)
(KIk
I)2 +O(ω). (31)
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This is the usual D-term potential in SUGRA. The D-
term potential (30) includes all of the higher order cor-
rections induced by the higher derivative terms of the
vector multiplet. This modified D-term potential may
be interesting from the viewpoint of the D-term infla-
tion models in SUGRA, and we will discuss it in the
subsequent work [30].
5 Some comments
5.1 Relation between our results and
other works
In this subsection, we clarify our results and the ones
in Refs. [6, 10, 11].
The authors of Ref. [6] showed the DBI action which
is not coupled to matters through the supergravita-
tional effects, equivalently, the action should take the
following form,
S|on-shellB =
∫
d4x
√−g
[
1
2
R+ 1 + Lon-shellordinary
]
−
∫
d4x
√
−det(gµν + Fµν). (32)
As you can easily find, this action can be reproduced
by choosing kI = 0, ω = e2K/3/4 and f = −1/4 in
the action (27). We clarify the reason why the gravita-
tional couplings between the vector multiplet and mat-
ters disappear with the choice ω = e2K/3/4. Let us re-
turn to the constraint (20). Remembering the relation
Ω = −3e−K/3, the constraint (20) with ω = e2K/3/4
becomes
S30X =W2 −
9
4
S0XΣ(Ω
−2S¯0X¯)
=W2 − 9
4
Σ(Ω−2|X |2|S0|2), (33)
where we have used an identity S0XΣ(· · · ) =
Σ(S0X · · · ). With the redefinition of S30X → X˜, we
can rewrite the constraint (33) as
X˜ =W2 − 9
4
Σ
(
|X˜ |2
(|S0|2Ω)2
)
. (34)
The combination |S0|2Ω becomes constant after super-
confomal gauge fixings with Eq. (24), and therefore, the
resulting DBI action does not involve the matter cou-
plings through the gravitational effects. This type of ω
corresponds to the coupling referred to as the Ka¨hler
covariant coupling in Ref. [6].
The procedure in Refs. [10, 11] can be can be re-
garded as follows. First, they solved the constraint (38),
and obtain the DBI action with a real linear compen-
sator, which corresponds to the DBI action in the new
minimal SUGRA. Then, they introduced the matter
couplings which possess the non-linear self duality of
the DBI sector. The matter coupling extension can
be regarded as the special choice of ω˜ in Eq. (40).
They also added the usual matters to the matter cou-
pled DBI action in the new minimal SUGRA, and
they derived the old minimal version of it by using
the linear-chiral duality. As a result, the action be-
comes a special case of our model (27). In fact, with
K = K(Φi, Φ¯j¯)−log(i(Φ−Φ¯)/2), ω = −κ(ImΦ)e−2K/3,
f = iΦ/4, and Φ = a− ie−ϕ, we can reproduce the ac-
tion in Eq (4.27) in Ref. [11].
5.2 String theoretical aspects
In this section, we discuss the relation between the DBI
action derived in this work and the D-brane action in
superstring theory.
The D3-brane action is given by
SD3 =
∫
d4σ
√
−det(gˆµν + Fµν +Bµν) (35)
where σµ denotes the world volume coordinate, gˆµν is
the induced metric on the world volume of the D3-
brane, and Bµν is an antisymmetric tensor called the
B-field. The induced metric is expressed as gˆµν =
∂µX
M (σ)gMN∂νX
N(σ) where gMN (M,N = 0, · · · , 9)
is the 10 dimensional metric, and XM (σ) is a world
volume scalar field.
Comparing Eq. (35) with Eq. (19), we find that the
action in Eq. (19) may be understood as the 4D effec-
tive D3 brane action in the static gauge ∂µX
M = δMµ ,
which leads to gµν = gˆµν , under the assumption that
the moduli and B-fields are fixed to 0.
We also considered the case that matter multiplets
are directly coupled to the DBI action. Such a situation
occurs when the U(1) gauge symmetry is anomalous.
In string theory, such an anomaly must be cancelled by
the so-called Green-Schwarz (GS) mechanism [31, 32].
If the GS mechanism works, it is known that the gauge
kinetic function of the corresponding vector multiplet
includes the GS multiplet, which is charged under the
vector multiplet and appears in the D-term potential.
Our result (30) is consistent with this observation since
the leading term (31) agrees with the known results.
6
6 Summary and discussions
In this work, we have constructed the generalized DBI
action based on the condition derived in Ref. [7]. We
respect the Volkov-Akulov constraint X2 = 0 to avoid
the higher derivative ghosts.
In Sec. 3, we have discussed the superconformal ex-
tension of Eq. (1), and derived a SUGRA version of
DBI action minimally coupled to gravity. In the case
with matter couplings discussed in Sec. 4, we have gen-
eralized the condition (10) to (20), which also preserves
the Volkov-Akulov constraint X2 = 0. The resultant
action becomes a non-trivial form given in Eq. (27).
We have shown that the action (27) becomes the ordi-
nary vector multiplet action at the leading order. We
have derived the D-term potential, which has nontrivial
higher order couplings in matter fields. It is interest-
ing to investigate how the corrections affect high energy
physics, such as inflation. We will discuss this issue in
the subsequent work [30].
We have also discussed the relation between the gen-
eralized DBI action and the D-brane action in super-
string theory. We have interpreted our action (27) as
the D3-brane action in the static gauge and in the ab-
sence of the moduli and the B-fields. We do have to
know all the couplings including these fields. To in-
vestigate such couplings, it is important to extend our
construction to one in higher dimensional SUGRA. In
Refs. [7, 8], the authors obtained the condition (1) from
the partial breaking of 4D N = 2 SUSY to N = 1.
Therefore, we expect that it is possible to construct
the DBI action for Dp-branes from the partial breaking
of higher dimensional SUGRA. That will be also our
future investigation.
Finally, let us comment on the relation between our
construction and partial N = 2 SUSY breaking dis-
cussed in Refs.[7, 8]. The authors of Refs.[7, 8] dis-
cussed the global SUSY case. In such a case, there is a
Goldstino multiplet for the broken SUSY. In SUGRA,
it is expected that the Goldstino multiplet is absorbed
and forms an N = 1 massive spin 3/2 multiplet com-
bined with a part of the N = 2 gravitational multiplet.
If we consider our action as the low-energy effective
action for partial SUSY breaking, such a massive mul-
tiplet is already integrated out. Thus, in the case that
our Maxwell multiplet Wα is the Goldstino multiplet
just like in Ref. [7], it should be unphysical and is sub-
ject to the constraint (10) whose form is determined
by the N = 2 SUSY algebra. On the other hand, in
the case that it is a physical massless multiplet, it is no
longer the Goldstino multiplet so that the constraint it
satisfies can be released from (10) and take more general
form (20). In both cases, the Volkov-Akulov constraint
should be satisfied in order to avoid ghost modes.
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A The constraints (10) and (20)
with different compensators
As shown in Ref. [17], there are three types of irre-
ducible compensator multiplets, which give different
sets of auxiliary fields in the gravity multiplet. One
is the chiral compensator we discuss in this paper, and
the others are a real and a complex linear multiplets de-
noted by L and L respectively. The Weyl and the chiral
weights of L and L are (2, 0) and (w,w−2) respectively.
By using the identity S0XΣ(S¯0X¯) = Σ(|S0X |2),
Eq. (10) can be rewritten as follows,
S30X =W2 − aΣ(|S0X |2). (36)
In the case that a compensator is L or L, the weights of
the multiplet on the left hand side of Eq.(36) can not be
compensated, because the compensator L (or L) is not
a chiral multiplet but the both sides of Eq.(36) should
consist of chiral multiplets. Therefore, X should be
a chiral multiplet with (w, n) = (3, 3) in a such case.
Then the expression (36) should be replaced with
X =W2 − aΣ(|X |2|S0|−4). (37)
In Eq. (37), the compensator is not required to be a
chiral multiplet. Therefore, we can write down the al-
ternate conditions of Eq. (10) with L or L as,
X =W2 − aΣ(|X |2L−2), (38)
X =W2 − aΣ(|X |2|L|−4/w), (39)
where w is the Weyl weight of L.
As in the same way, we can obtain the alternate
conditions of Eq. (20),
X =W2 − aΣ(ω˜(L,ΦI , Φ¯J¯)|X |2L−2), (40)
X =W2 − aΣ(ωˆ(L, ,ΦI , Φ¯J¯)|X |2|L|−4/w), (41)
where ω˜(L,ΦI , Φ¯J¯) and ωˆ(L, ,ΦI , Φ¯J¯) are real functions
of matters and L or L and L¯, with (w, n) = (0, 0).
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B Integrating out the Lagrange
multipliers
We show the detailed calculations for deriving the ac-
tion (27) from (25) in Sec. 4. The relevant Lagrangian
terms for integrating out the multipliers in Eq. (25) are
as follows,
Lλ,χ =2λFµνFµν − 2iχFµνF˜µν
+
[(p− 2λ)2 + (q − 2χ)2]
4ωe−2K/3λ
− (KIk
I)2
16λ
, (42)
where λ = ReΛ, χ = ImΛ, p = Ref(Φ), and q =
Imf(Φ).
By varying λ and χ in Eq.(42), we obtain the fol-
lowing equations,
2λ2FµνFµν + (KIk
I)2
16
− [(p− 2λ)
2 + (q − 2χ)2]
4ωe−2K/3
+
λ(2λ− p)
ωe−2K/3
= 0, (43)
2χ− q = 2iωe−2K/3λFµνF˜µν . (44)
By substituting Eq. (44) into Eq. (43), we obtain[
2FµνFµν + 1
ωe−2K/3
+ ωe−2K/3(FµνF˜µν)2
]
λ2
=
p2
4ωe−2K/3
− (KIk
I)2
16
. (45)
From Eqs. (44) and (45), we derive the following field
values of λ and χ,
λ =± p
2
√
ωe−K/3
(
1− ωe
−2K/3(KIk
I)2
4p2
) 1
2
×
(
2FµνFµν + 1
ωe−
2K
3
+ ωe−
2K
3 (FµνF˜µν)2
)
−
1
2
,
(46)
χ =
q
2
+ iωe−2K/3λFµνF˜µν . (47)
λ has two solutions with opposite signs, however, by
requiring that the action vanishes when kI = Fµν = 0,
the field value is uniquely determined as the one with a
positive sign. Using the solutions (46) and (47), we can
obtain the final result (27) after some calculations.
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